Summary-A collagenase dispersed cell suspension from PMSG-hCG primed immature rats responded to exogenously added hCG, cholera enteroxin, prolactin, and 8-Bromocyclic-AMP with increase in progesterone production in a dose dependent manner, and this stimulation was augmented by the plasma lipoprotein fractions hHDL and hLDL. The responsiveness to low doses of prolactin was not apparent when lipoprotein fractions were not included in the assay mixture. When the incubation mixture contained either LDL or HDL, the stimulatory effect of prolactin on progesterone production was evident at 5 and 10 fig prolactin/ml of the incubation mixture. Progesterone production, both basal and hormone stimulated, was maximum on day 7 of pseudopregnancy. Although the extent of hCG and prolactin stimulation of progesterone production and its potentiation by lipoprotein fractions was observed to be higher on days 3 and 5 than that seen on day 7, the net amount of progesterone produced was highest on day 7. The basal as well as hormone and lipoprotein stimulated progesterone production started to decline after day 7, reaching a nadir on day 14. These experiments show that prolactin is effective in stimulating progesterone production by rat luteal cells in vitro and that lipoprotein fractions, LDL and HDL further potentiate this response. This study further suggests that it is important to include LDL or HDL as a source of cholesterol for in vitro experiments in which the steroidogenic response of luteal cells to exogenous stimuli is tested.
INTRODUCTION
In the rat, prolactin has been identified as a luteotropic hormone, since administration of prolactin resulted in the prolongation of estrus and maintainante of deciduomata formation and pregnancy in intact and hypophysectomized rats [l-3] . Rothchild et al. [46] have reported that the function of corpora lutea is regulated in the latter half of pseudopregnancy by LH and prolactin. Luteotropic response has also been observed in vitro using perifused rat corpora lutea by a combination of LH and prolactin [7] . In spite of these reports, direct addition of prolactin to luteal cell incubations have not produced a striking effect on progesterone production under in vitro conditions. Previous studies have shown that progesterone production by collagenase dispersed cells from PMSG-hCG primed rat ovaries is augmented by various gonadotropin preparations, and this responsiveness was potentiated by the exogenously added plasma lipoprotein fractions, high density lipoprotein (HDL), and low density lipoprotein (LDL) [8-l 11 . Further evidence for the direct incorporation of the exogenously supplied cholesterol in LDL into progesterone has also been described [9] . Specific binding and degradation of '2sI-labeled LDL and HDL by the corpus luteum tissue has been demonstrated using luteal cells maintained in short *To whom correspondence should be addressed.
term cultures [12] . We have examined the possibility that since luteal cell steroidogenesis proceeds optimally in the presence of the exogenously added plasma lipoprotein fraction, LDL or HDL, the prolactin effect may be potentiated in the presence of lipoproteins under in vitro conditions.
The purpose of the present study was, therefore, to examine the ability of luteal cells to utilize exogenously supplied sterols during the life span of the rat corpus luteum and to determine the relative abilities of various stimulants of steroidogenesis on the utilization of lipoprotein delivered cholesterol for progesterone production. 
EXPERIMENTAL

Animals
Immature (21-24-day old) Sprague-Dawley female rats purchased from Spartan Research Animals, Inc. of Haslett, MI were used in the experiments. They were treated with 501.U. of pregnant mare's serum gonadotropin (Gesty, Organon, Oss, Holland), followed 56 h later by a single dose of 25 I.U. of hCG (Sigma Chemical Co.) on day 0 to obtain highly luteinized ovaries [13] . The ovaries were collected at different intervals of time after hCG injection as described under each experiment.
Preparation of luteal cells
The animals were killed by cervical dislocation; the ovaries were removed and freed of connective tissues, weighed, and placed in Medium 109 containing 0.1% bovine serum albumin. Collagenase dispersed ceils were prepared as described previously from this laboratory [ 14,151 with slight modifications [9] . Brieflly, the ovaries were cut into small pieces (approx 1 mm3) with scissors and transferred to a 50 ml plastic beaker. The tissue was suspended at a concentration of 50 mg/ml of Medium 109 containing 500 l.U./ml collagenase and 4 pG/ml DNAase. The samples were incubated for 60 min at 37°C in an atmosphere of @CO2 (95 : 5, v/v) . At 30 and 60 min of incubation, the cells were dissociated by flushing the tissue and medium 3&40 times through a 1 ml plastic syringe. At the end of the incubation the cell suspension was diluted with 2 vol of medium and centrifuged at 600 g for 3 min. The sedimented cells were washed two times in Medium 109/0.1% bovine serum albumin and then resuspended to a concentration of approx 2.10' cells/ml. The viability of the cells ranged between S&90%, as ascertained by the trypan blue exclusion test. DNA was determined according to the procedure of Burton [ 161.
Incubation conditions for progesterone measurement
Unless otherwise stated, aliquots of luteal cells (approx 2 x 10' cells in 0.1 ml) were transferred into 12 x 7.5 mm tubes containing 0.3 ml Medium 109/0.1% bovine serum albumin, and, where required, appropriate concentrations of hCG, lipoproteins, or other agents were also added. The incubations were carried out at 37°C in a Dubnoff metabolic shaking incubator for 3 h in the presence of 02: C02 (95:5, v/v) . Following incubation, the reaction was stopped by placing the sample tubes in a boiling water bath for 3 min. The samples were then diluted with 0.6ml Hz0 and 10,OOOcpm [l,2(n)-3H] progesterone (sp. act. 55 Ci/mol) were added to monitor progesterone recovery, and the samples were left in the cold overnight. The next morning, the samples were extracted with light petroleum ether and assayed for progesterone by radioimmunoassay as described earlier [ 141.
rsolation of lipoproteins
Human LDL (d 1.019-l.O63g/ml) and human HDL (d 1.063-l .215 g/ml) were isolated from sera of healthy donors by differential ultracentrifugation using KBr for density adjustments [ 171. The lipoprotein fractions were subjected to washing in a low density and high density KBr solution as follows: The LDL fraction was layered under NaCI-KBr solution of density 1.009 g/ml and centrifuged at 45,000 t-pm overnight. The clear upper layer was removed and the lower LDL fraction was then layered over NaCl-KBr solution of density 1.073 g/ml and again centrifuged overnight. The clear lower layer and the contaminants were removed. The corresponding densities of NaCl-KBr solution for purification of HDL were 1.053 and 1.225, respectively. The isolated lipoproteins were dialyzed for 48 h against four changes of 0.15 M NaCl containing 0.3 mM EDTA. Electrophorectic analysis in SDS acryIamide slab gels (9%) revealed that LDL contained Apoprotein B, with little Apo E, and HDL contained mainly Apo AI, AII, and some Apo C. Cholesterol in the lipoprotein fractions was assayed by the procedure of Zak [IS] and protein by the procedure of Lowry et al. [19] . Cholesterol:protein ratios averaged 0.34: 1 and 2.0: 1 for HDL and LDL, respectively.
Statistical analysis
Statistical comparisons of the results were made using Student's l-test.
RESULTS
The responsiveness of collagenase dispersed luteal cells to exogenously added stimuli for protesterone production is shown in Fig. 1 (A-D) . Increasing doses of hCG from 0 to 100 ng/ml significantly stimulated progesterone production. As expected, hCG response was potentiated by exogenously added LDL and HDL. The stimulatory effect of the added lipoproteins was seen at all doses of hCG. Thus, under the conditions of our experiments, the exogenously added lipoproteins stimulated progesterone production in response to hCG (Panel A). Steroidogenesis by the luteal cells was also stimulated by cholera enterotoxin (Panel B) from a dose of 0.001-10 pg/ml, and, this stimulation was potentiated by exogenously added LDL and HDL (Panel B). The inclusion of 8-Bromo-Cyclic-AMP in the incubation medium also stimulated progesterone production, and the cyclic AMP response was significantly stimulated by both lipoprotein fractions (Panel C). The responsiveness to LDL and HDL followed the same pattern in response to these three stimuli. Porcine prolactin (NIH-P-S-12) by itself stimulated progesterone production at a concentration of 5 pg/ml and higher, and this response was significantly stimulated by both hLDL and hHDL, with maximum stimulation observed at 50 pg/ml prolactin (Panel D). The dose response relationship of prolaction on progesterone production followed a similar pattern as seen with the other stimulants for progesterone production in response to 300 pg/ml of LDL and 200 pg/mI HDL. Thus in the rat luteal cells, prolactin stimulated progesterone production, and this stimulation was potentiated when exogenous sources of cholesterol in the form of HDL and LDL were included in the incubation medium.
Responsiveness to hCG and prolactin in the presence and absence of HDL and LDL during the life span of the corpus luteum
The responsiveness of the isolated luteal cell to exogenously added lipoprotein fractions in the presence of hCG or prolactin is presented in Fig. 2 (Panel  A-D) . The experimental protocol was identical in these experiments. The isolated cells were incubated alone or in the presence of 10 ng/ml hCG or 50 pg/ml of prolactin. These doses were selected from the dose response curves presented in Fig. 1 . Parallel incubations were also performed with cells in the presence of HDL (500 pg) or LDL (750 p g). In the third group of experiments, cells were incubated with hCG in the presence of HDL (500 /*g) or LDL (750 pg). The cells were also incubated with prolactin (50 pgg/ml) in the presence of hCG (10 ng/ml), and prolactin (50 p g/ml), in the presence of HDL (500 /*g) or LDL (75Opg). These experiments were performed on different days of the life span of the corpus luteum.
On day 3 (Fig. 2, Panel A) , hCG stimulated progesterone production about 2-fold. Addition of LDL (75Opg) or HDL (500~~) alone stimulated progesterone production. Further addition of hCG in the presence of LDL or HDL potentiated this response. Pro&tin alone caused significant stimulation of progesterone production over the control. Further addition of hCG to the incubation medium containing prolactin produced no further additive effect. Addition of LDL or HDL in the presence of pro- lactin further potentiated the prolactin response over of potentiation of prolactin response by hCG. Addi-3-fold when compared with prolactin alone. tion of LDL or HDL further potentiated prolactin On day 5 (Panel B), the hCG response was almost response. 3-fold over basal production of progesterone. AddiOn day 7 (Panel C), the steroidogenic response to tion of LDL and HDL potentiated this response. The both hCG and prolactin was at its maximum in terms effect of prolactin alone was more visible on day 5 of the amount of steroid produced, although the than that seen on day 3. Again, there was a minimum extent of stimulation was probably less than in previous days due to relatively high basal progesterone production. Total progesterone production in response to prolactin in the presence of LDL and HDL was comparable to that seen in the presence of hCG. Progesterone response to prolactin alone was also at its maximum on day 7. Again, there was no additive effect seen when hCG and prolactin were added together. On day 10 (Panel D), responsiveness to hCG and potentiation by LDL and HDL were diminished. Likewise, prolactin response and its potentiation by exogenously added lipoprotein fractions were also considerably diminished.
On day 12 and day 14 the steroidogenic capability of luteal cells was its lowest level (data not shown). Neither hCG nor prolactin stimulated progesterone production to any significant extent, nor did the exogenously added lipoproteins have any effect.
DISCUSSION
The present studies demonstrate the responsiveness of a collagenase dispersed cell suspension prepared from luteinized rat ovaries during different stages of their life span to exogenous hCG and prolactin and the potentiation of this response by plasma lipoprotein fractions, LDL, and HDL. The steroidogenic response of luteal cells was also stimulated by exogenously added cholera enterotoxin and 8-Bromo-Cyclic-AMP, and this response was potentiated by LDL and HDL. Cholera enterotoxin is known to stimulate adenylate cyclase in a number of hormone responsive systems [21] including the ovary. Prolactin (NIH-P-S-12) also stimulated progesterone production at concentrations ranging from 5 pg/ml to 200pg/ml in the absence of exogenous lipoproteins. It should be pointed out that prolactin response was not dramatic in the absence of exogenously added lipoproteins (Fig. 1, Panel D) . However, in the presence of exogenously added LDL or HDL, the dose-response relationship of prolactin became highly obvious. For example, in the absence of exogenously added prolactin, but in the presence of LDL, progesterone production was 5.8 ng/pg DNA. In the presence of 5.Opg prolaction, the steroidogenesis was increased up to 13.3 ng/pg DNA. This difference would not have been apparent in the absence of exogenous cholesterol source. The prolactin preparation employed in this study had LH activity less than 0.005 NIH-LH-S, units/mg. Thus, at 5 pg of prolactin, the LH content would be less than 0.000025 units of NIH-LH-S, units. Such low activity would not be expected to stimulate progesterone production in our system. In addition, inclusion of prolactin up to 50pg/ml in a radioreceptor assay specific for LHjhCG type of activity produced no dose dependent inhibition suggesting that the prolactin preparation is free of LHjhCG type activity. Thus, the effect of prolactin cannot be explained on the basis of contaminating LH activity.
However, electrophoresis of the prolactin preparation (NIH-P-S,*) in 9% SDS acrylamide gels (20) showed multiple bands upon staining with Coomassie blue. Thus, we cannot rule out the possibility that stimulation is not due to a previously unidentified stimulant other than LH. The stimulatory role for prolactin on in vitro progesterone production, however, is compatible with previous reports that have suggested that rat corpora lutea are maintained by luteotropic factors other than LH [l-7] . The responsiveness of prolactin at a low dose was only apparent in the presence of exogenously added sterol carriers, LDL and HDL. Striking differences were also observed in the responsiveness of rat luteal cells to exogenous stimulants (Fig. 2, A-D) . The basal steroid output was low on days 3 and 5 following hCG injection. Addition of hCG or prolactin stimulated progesterone production, and these responses were potentiated by the addition of exogenous HDL and LDL. On day 7, luteal cell steroidogenesis was at its maximum activity. Addition of lipoproteins in the presence of hCG and prolactin further stimulated this response. The basal hormone stimulated steroidogenesis in the presence and absence of exogenously added lipoprotein started to decline after day 7. On day 12 and 14 the basal steroidogenesis was minimal and hCG, lipoproteins or prolactin had no stimulatory effect (data not shown). The fact that the dose response curve of prolactin is amplified in an incubation medium supplemented with LDL or HDL further underscores the importance of providing proper substrates when the steroidogenic potential of exogenous stimulants is tested. The mechanism of stimulation of steroidogenesis in response to prolactin is not understood at the present time. Since prolactin response was significant in the presence of exogenously added lipoproteins, this would suggest that prolactin may stimulate preferentially a step involved in the utilization of lipoprotein derived cholesterol in the rat ovary. In this context, it has been reported previously that prolactin stimulates the turnover of cholesterol esters in rat luteal cells [22] . Thus, prolactin might stimulate progesterone production in rat corpora lutea by stimulating the utilization of lipoprotein delivered cholesterol for progesterone production. Alternatively, prolactin might alter the metabolism of progesterone to 20a-hydroxypregn-4-en-3-one since such a reaction is well documented in the ovarian tissue [23] . However, this possibility is unlikely since it will not explain the augmentation of prolactin response by exogenous lipoproteins.
